
Some useful references, taken from the bibliography:

[hep-ph/9604415]

If θ13 is 0,
there is no CP
violation!



[hep-ph/0403068]
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Use average values
from current measurements

U is identically unitary. Plugging in known
values of θ12 and θ23 does not constrain θ13 .

s12 0.525731 ~32 deg 0.850651 c13 0.525731 c13 s13
c12 0.850651

-0.40815 -0.53616 s13 0.660406 -0.33137 s13 0.630298 c13
s23 0.630298 ~39 deg
c23 0.776353 0.331367 -0.66041 s13 -0.53616 -0.40815 s13 0.776353 c13

0.723607 c13^2 0.276393 c13^2 s13^2 =1

0.166589 0.437674 s13 0.287471 s13^2 0.436136 -0.43767 s13 0.109804 s13^2 0.397276 c13^2 =1

0.109804 -0.43767 s13 0.436136 s13^2 0.287471 0.437674 s13 0.166589 s13^2 0.602724 c13^2 =1

0.723607 c13^2 0.276393 c13^2 s13^2 =1

0.602724 0 s13 0.397276 s13^2 0.397276 c13^2 =1

0.397276 0 s13 0.602724 s13^2 0.602724 c13^2 =1



Disappearance and appearance experiments
measure different quantities:
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Measurement with sin22 θ23 = 0.95 ± 0.01
⇒ θ23 = 38° or 52°

Prediction for appearance rate ∝ sin2θ23

⇒ sin2θ23 = 0.38 or 0.62
(x1.6 uncertainty)

(K. McConnel and M.Shaevitz. – hep-ex/0409028)





Unified Graphical Summary
of Neutrino Mixing Parameters

Steven Parke & Olga Mena
hep-ph/0312131



1 Considers neutrino fluxes from neutron sources, muon sources and damped pion sources
as a ratio of muon flux to e plus tau flux, which can be extracted from neutruino telescopes.
Assumes no new phenomena such as neutrino decay.
No distinction is made between neutrinos and antineutrinos.
Muons are identified by cerenkov light, nu_e by EM showers.
Taus and nu_e are difficult to distinguish.
Neutral current interactions are a background subtraction.
Statistics on an astronomical nu source may be root(10) below that of reactor and superbeams.

2 The ratio does not measure oscillation parameters in iteslf, but is very complementay
to the reactor and beam measurements, and can improve the sensitivity when all
measurments are compined.

3 If theta13 is large, a measurement of R can not only lead to an early measurement
of the CP phase, but can solve the mass heirarchy as well.

4 It may even be possible to obtain a measurement of the CP phase with a
result from Double CHOOZ alone, with no input from superbeams.

5 If theta13 is small, a measurement of R can help to remove the octant degenracy
better than a reactor experiments and superbeams alone.

6 An additional observation -- the electromagnetic to hadronic shower ratio --
at a neutrino telescope could be beneficial for pion sources.



Neutron Beam Source Pion beam Source Muon damped Sourde
Neutron decays Pion decays Pi decay with absorbed muon
(e:mu:tau)
(1:0:0) (1:2:0) (0:1:0)
R~0.26 R~0.5 R~0.66

R may also have an energy dependence characteristic of the source.
The mass eigenstates loose coherence because of long distances
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Assuming the source is many wavelengths from the earth, the oscillations
average to the central value. Small variations are a measure of θ13 and δCP
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For superbeams at the first maximum:
Selecty on neutrino or anti-neutrino.

δCP is supressed

CP
Even Odd

Strong dependence on θ13
Small perturbation
Amplitute of signal

Astrophysical telescopes do not distinguish
between neutrino or anti-neutrino.

Difference in sign
interchange;
role of
0 and π.
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s c 0.82948 0.535075 0.160182
12 0.542074 0.84033
23 0.707107 0.707107 -0.47849 0.532805 0.697976
13 0.160182 0.987087

0.288124 -0.6556 0.697976

e 0.688037 0.286305 0.025658 1 1

mu 0.228948 0.283881 0.487171 2 1

tau 0.083015 0.429814 0.487171 3 1

1 1 1

1 1 1
Pee 0.473394 0.081971 0.000658 0.556023
Pemu 0.157525 0.081277 0.0125 0.251301
Pet 0.057118 0.123058 0.0125 0.192675 1
Pmue 0.157525 0.081277 0.0125 0.251301
Pmumu 0.052417 0.080588 0.237335 0.370341
Pmut 0.019006 0.122016 0.237335 0.378358 1

RN= 0.335651
Rpi= 0.494012
Rmu= 0.588161

Neutron Beam Source Pion beam Source Muon damped Sourde
Neutron decays Pion decays Pi decay with absorbed muon
(e:mu:tau)
(1:0:0) (1:2:0) (0:1:0)
R~0.26 R~0.5 R~0.66
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Ron Ray
DOE Review



MINOS, T2K and
Double Chooz
combined do not
have the sensitivity
to resolve the mass
hierarchy. Nor does
NoVA. All of these in
combination with
astrophysical results
will be able to untangle
the mass heirarchy,
CP phase and θ13.
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Double CHOOZ will set a limit at about 0.02-0.03.




